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Abstract
Background: Attention Bias Modification (ABM) is a novel computer based treatment for anxiety disorders.  It has been proposed as an efficient, accessible psychological therapy and is based on cognitive theories of attention.  The present review sought to investigate the efficacy of ABM as a potential treatment for child and adolescent anxiety.
Method: A systematic literature review was conducted, using three main databases, PsycINFO, Embase and Medline, to identify original research articles which measured the effect of ABM on anxiety levels in children and/or adolescents. 
Results: Ten articles met the inclusion criteria and of these ten, three were randomised control trials.  A lack of standardisation in relation to the treatment protocol was observed; nonetheless the identified studies generally provided evidence for the efficacy of ABM as an anxiety treatment.
Limitations: Due to the nature of the studies found, a statistical meta-analysis was not possible.
Conclusions: ABM seems to be a promising, novel treatment for child and/or adolescent anxiety disorders with merits over lengthier, talking based therapies.  However, more rigorous research trials are needed to clarify the mechanisms behind ABM and establish effective, standardised treatment protocols.
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1. Introduction 
Anxiety helps alert the brain to danger; it is an emotion which is present in early childhood and continues to develop, providing an adaptive function in order to facilitate the detection and avoidance of threat.  However, anxiety becomes a problem when it begins to interfere with everyday functioning and when it becomes persistent or frequent (APA, 2000).  In addition, anxiety disorders are associated with impairments in personal, social and academic functioning (Van Ameringen et al., 2003). Within early life, anxiety related problems are the most frequent of psychiatric disorders, occurring in 2% to 15% of all children and adolescents (Rapee et al., 2009).  Problems with anxiety in childhood predicts not only anxiety in adolescence, but also other psychiatric disorders (Bittner et al., 2007), the trajectory of which can continue into adulthood (Pine et al., 2009). 
Given this, it is imperative that treatments for childhood anxiety disorders are available and effective.  Most psychotherapy treatment trials have followed adult anxiety literature and have researched the effectiveness of Cognitive Behavioural Therapy (CBT) for children; a recent review showed that the remission rate for CBT was 59% compared to 16% for controls (James et al., 2013).   However, new research is emerging in the area of anxiety related therapy with the introduction of computer based treatments.  These interventions are centered on cognitive theories of anxiety; more specifically relating to attentional biases.  There is consistent evidence that people who experience anxiety attend more to threat related stimuli (c.f. Cisler and Kosler, 2010), and this selective attention means that those who are anxious are more vigilant to what they perceive as threatening.  Experiencing this vigilance raises anxiety levels, which in turn increases the awareness of threat, resulting in a self-perpetuating system (Asmundson and Stein, 1994).  Since a relationship between attention bias and anxiety has been established, researchers have begun to manipulate attention bias to investigate if this has an effect on anxiety levels, resulting in an intervention more commonly known as Attention Bias Modification (ABM).  
Much of the research testing the effectiveness of ABM has been carried out with adult populations whereby evidence has shown that ABM can have a positive effect on anxiety levels.  Mathews and MacLeod (2002) showed that training attention to avoid negative stimuli had a positive effect on trait anxiety levels of high-trait anxious students. Similar findings have been reported in Generalised Anxiety Disorder populations (Amir et al., 2009a; Hazen, Vasey and Schmidt, 2009) and adults with Social Phobia (Amir et al., 2009b).  Both a research review and a meta-analysis researching the effect of ABM on anxiety in adults have recently been published.  The research review included 15 publications, the majority of which were with adult populations and concluded that ABM was associated with reductions in symptoms which were also shown to be maintained up to 4 months after intervention (Bar-Haim, 2010).  The meta-analysis of 12 randomised controlled trials reported that ABM had a statistically significant medium sized effect on anxiety and demonstrated greater benefits for anxiety symptoms relative to control conditions (Hakamata et al., 2010).
ABM is typically carried out using the dot probe task (MacLeod et al., 1986).  This was initially developed to measure of attention bias, and has been repeatedly evidenced as an effective way to do so (c.f. Mogg et al., 1995).  This task relies on measuring the reaction times of participants responding to a dot on a computer screen.  It has been shown that anxious individuals demonstrate quicker response latencies when the dot replaces threat over neutral words or pictures, thus showing that their attention has been drawn to threat related stimuli.  Researchers are able to configure the dot probe task, so that within ABM procedures the participant’s attention is typically trained away from threat; that is the dot they react to replaces neutral stimuli instead of threat stimuli, consistently directing their attention away from negative stimuli.  In other designs, researchers have also trained attention towards positive stimuli instead of directing away from threat.  To date, as far as the authors are aware, there has not been a systematic review into the use of ABM in child populations.  In the existing review of adult studies, Bar-Haim (2010) concluded that assessing this intervention in paediatric populations would be beneficial, especially due to the importance of early interventions in psychiatric populations and the potential difficulties therapists face engaging individuals in this age range in talking therapy (Oetzel and Scherer, 2003).  The purpose of this article was to review the available evidence for the efficacy of ABM as an intervention which could alleviate symptoms of anxiety in children and adolescents.  In order to do so, the included studies were considered in relation to the following aspects: the effect of ABM on anxiety, the effect of ABM on attentional bias, whether ABM is a sole intervention or carried out in conjunction with CBT, the direction of trained attention, and consistency within ABM protocols.  The effect of these different factors on the outcome of ABM was considered and as such, the results are synthesised in a way which comments on any potential patterns and implications for further research.

2. Method
2.1 Search methodology and inclusion criteria
In order to identify relevant papers, three databases were searched up until the 10th of January 2014: PsycINFO, Embase and Medline.  The search strategy included using search terms based around the intervention of interest; ‘attentional training, attentional retraining, attention* bias modification or bias modification’.  In addition, ‘attention* bias*’ and ‘selective attention’ were combined with ‘training’, and all terms were combined with ‘anxiety or anxiety disorders’.  Truncated versions of the words ‘bias’ and ‘attention’ were used in order to capture all relevant words starting with the stem ‘bias’ or ‘attention’ (i.e. biases and attentional).  The reference lists of relevant articles were also scanned for any additional publications.  All results were limited to be published from 1990 to present due to the recent nature of the intervention of interest; early suggestions on the efficacy of ABM for anxiety were made by MacLeod in 1995 (c.f. Hakamata et al., 2010).  
Articles were included in the review if 1) the study sample was from a child and adolescent population (ages 0-18), 2) a visual bias modification task was used with either picture or word stimuli with the aim to modify attention, 3) the researchers looked at a change in anxiety, 4) anxiety was measured at two time points.  Papers were excluded if the intervention included a modification of cognitive bias as well as, or instead of, attentional bias.  In addition, review papers, book chapters and editorials not reporting study data were excluded.

2.2 Quality Assessment
The coding form to assess quality of papers was Downs and Black’s Study Quality Appraisal Checklist (Downs and Black, 1998).  This checklist was chosen as it was specifically developed for assessing the quality of both randomised and non-randomised studies.  The original criteria consist of 27 items, assessing papers over five subscales which measure methodological quality, where a higher score on a subscale indicates a higher quality in terms of that field.  The first subscale ‘reporting’ measures how well the information is presented in the paper, requiring the rater to consider aspects such as clarity of presented hypotheses and main findings.  This subscale consists of both subjective and objective questions, with five out of 10 questions requiring a certain level of subjectivity. ‘External validity’ contains items which assess how well the results can be generalised to the population from which the study sample came from, for example considering the validity of the setting of the intervention.  One of three of these questions requires some subjective interpretation from the rater.  ‘Bias’ measures biases both in terms of the intervention delivered to the participants, and also the outcome of the intervention.  This subscale focusses on blinding of participants and staff, use of statistical tests, compliance with the intervention and reliability and validity of the measures used in the study.  Subjectivity is required with two out of seven of these questions.  ‘Confounding’ addresses any biases in the selection of the participants, and is concerned with baseline comparability, randomising of participants and confounding variables.  Most of these questions are objective, with one out of seven relying on subjective interpretation.  The ‘power’ subscale is measured by one objective question and relates to whether any findings are due to chance.  To account for the lack of clarity of the question on power, this item was modified to assess whether the authors had achieved the appropriate sample size to reach the desired power, given the effect size.  It was changed from having five response options to two, similar to all other questions in the checklist (Yes=1, No=0).  Where effect sizes were not provided by the paper, these were calculated and then an estimate of the required sample size, given the effect size and statistical analyses was calculated using a computer programme (Faul et al., 2007).  A further item was added into the ‘confounding’ subscale to account for the absence of an item assessing the measurement of baseline comparability, as suggested in a review of quality criteria for non-randomised research (Deeks et al., 2003).  Where questions relied on the paper having a control group, a further ‘not applicable’ response option was added (n/a=0).   All papers were scored by the first author.  In addition, the second author scored 40% of the papers, chosen using a random number generator.  The inter-rater reliability for the two raters was found to be k=0.89, p<0.001 indicating ‘almost perfect’ reliability (Landis et al., 2014).  The two reviewers discussed any discrepancies in ratings and came to a consensus.

3. Results
3.1 Searches
Over the three databases, the search terms produced 407 potential papers.  Figure 1 shows a flow chart of the study selection procedure.  All duplicates were removed, leaving 223 articles.  The title and abstract of each of these were then screened, and 72 were removed as the sample was from an adult population, 56 papers were removed as the intervention researched was not ABM, and 23 were removed as the methodology was not original research.  72 papers were then screened using the full document; of these 62 papers were removed.  This left 10 papers to be included in the systematic review.  No additional papers were found through hand searching reference lists.

Insert Figure 1 here.

Table 1 displays the characteristics for each included study. Of the included 10 papers, three were randomised control trials, four were controlled before-after studies, one was an uncontrolled before-after study, and two were multiple baseline analyses.  Where researchers did not specify the research design, a research algorithm was used to determine design (Viswanathan et al., 2013).  Three studies used ABM as an adjunct to CBT, whereas seven studies used ABM as a standalone treatment.  

3.2 ABM Method
As mentioned in the introduction, most ABM research uses the dot probe task which is also reflected in this review (n=8), though two papers used different ABM methodology.  Bar Haim et al. (2010) used the emotional-spatial cueing task.  In some ways this is similar to the dot probe task given that it requires a reaction to a target which appears in place of either neutral or threat stimuli.  The procedure differs in that the two different stimuli are not presented simultaneously on screen and therefore they do not compete for attention.  They are instead presented as separate trials, and the target either appears in the location of the stimuli or at an alternative location.  It has been shown that response latencies are longer when the target appears in the alternative location compared to where the threat stimuli is, showing a difficulty in disengaging attention from threat.  In the visual search paradigm used by Waters et al. (2013), participants in the experimental group are trained to attend towards positive stimuli by searching and clicking on happy faces amongst a field of happy and angry faces as quickly as possible, compared to the control group where participants search for pictures of birds amongst flowers. The visual search paradigm has previously been used and validated as an effective way to modify attention (Dandeneau et al., 2007). 

3.3 Direction of trained attention
The majority of papers trained attention away from threat (n=7).  This has been the typical method since ABM interventions were first established.  However, some evidence suggests that an attentional bias for threat related information only exists in a proportion of anxious individuals, and that furthermore, an avoidance of threat can be related to poor therapy outcomes in anxiety (Eldar et al., 2012).  To compensate for any adverse effects of training attention away from threat, some researchers have investigated the effects of training attention towards positive stimuli, and three papers in this study used this procedure (Pitică et al., 2010; Britton et al., 2013; Waters et al., 2013).  

3.4 Outcome measures
There was a variety of anxiety related outcome measures used in the included studies.  Where some studies used clinician-rated anxiety in the form of semi-structured interviews combined with self-report measures (n=6), other studies relied solely on either parental or self-report anxiety measures (n=4).  Measures used in the reviewed studies are detailed in Table 1.  In addition, two papers included a stress task and used analogue mood scales to measure negative mood state both pre and post stress induction (Eldar et al., 2008; Bar-Haim et al., 2011).  This required the participant to indicate a point on a horizontal line which was divided into 30 sections, ranging from either relaxed to anxious, or sad to happy, where higher scores indicated a more anxious or depressed state.
Most papers (n=8) used an attentional bias task to measure selective attention pre and post-intervention.  In doing so, they were able to more easily attribute change to a modification in attention.  Of these, seven studies used the dot probe as their attentional bias task, and one study used the emotional-spatial cueing task (Bar-Haim et al., 2011).

Insert table 1 here.

Insert table 2 here.

3.5 Study findings 
Three identified studies were classed as randomised controlled trials.  One such study was conducted by Bar-Haim et al. (2011) where 35 high anxious children were randomised to either active ABM (away from threat) or control ABM.  Following two ABM sessions, a stress induction task was utilised which required participants to complete a difficult puzzle task whilst being filmed and timed to test the effects of ABM on stress vulnerability.  Both the intervention and control group demonstrated significant anxiety reductions following ABM, measured by the State-Trait Anxiety Inventory for Children (STAIC).  In addition, those trained away from threat showed decreased attentional bias to threat post-intervention.  Following the stress induction task, the control ABM group demonstrated a significant increase in anxiety, whereas there was no change in the active ABM group.
	A further randomised controlled trial recruited 40 participants and compared an ABM group designed to train attention away from threat and two control ABM conditions over four sessions of training (Eldar et al., 2012).  Clinician-rated anxiety symptom counts and severity reduced significantly in the ABM condition but not in the two control conditions.  Parent and child self-report levels of anxiety recorded on the Screen for Child Anxiety Related Emotional Disorders (SCARED) also reduced, but across all groups.  There was also a reduction in bias towards threat at post-treatment in the ABM condition but not the control conditions.  A moderated mediator analysis was conducted and revealed neither the mediation nor moderation path as statistically significant. The mediation path measured the relationship between training condition and anxiety change via attentional bias change.  The moderation path measured an interaction between training condition and change in attentional bias.   The authors commented upon the potential of the small sample size affecting the significance of these analyses.
The third randomised controlled trial combined ABM (away from threat) with CBT (Shechner et al., 2014).  63 participants were randomised to receive either active ABM and CBT, ABM placebo and CBT or CBT alone.  The CBT intervention was manualised (Kendall et al., 2006) and took place over 16 sessions, and the ABM sessions took place within each CBT session.  Following intent to treat analysis, there were significant reductions in SCARED measured anxiety in the active ABM and CBT group.  Clinician-rated symptom frequency reduced significantly in the active and placebo ABM plus CBT group, but not the CBT alone group.  Symptom severity reduced significantly across all three groups.  A shift in attention away from threat was found in all three treatment groups.  
The remaining studies were not classed as randomised controlled trials, however a number of them still randomised participants to conditions.  A study by Riemann et al. (2013) combined ABM (away from threat) with CBT, however the CBT protocol was not manualised.  They randomised 42 participants with complex anxiety to either an active ABM or control ABM group within an inpatient unit, designed to be administered five times a week for the duration of their treatment.  Post-intervention, the active ABM group had significantly lower SCARED scores compared to the control ABM group.  However, both treatment groups experienced significant reductions in measured anxiety.   To further investigate this, a reliable change index was calculated as a measure of the clinical significance of symptom change, which indicated that 52.4% of those in the ABM group showed reliable change, compared to 4.8% in the control ABM group.  This study did not include a clinician-rated measure or a CBT alone group and the duration of treatment was not consistent across participants.
	Waters et al. (2013) used the visual search ABM procedure (Dandeneau et al., 2007) and randomised 37 participants to either an ABM control (ATC) or ABM towards positive condition (ATP) over 12 sessions.  Those in the ABM towards positive condition showed significant reductions in blinded clinician-rated anxiety severity which was not demonstrated in the control group.  Both groups showed reductions in the number of diagnoses, however the ABM towards positive group had significantly fewer diagnoses compared to the control group at post-intervention.  These results were consistent with an intent-to-treat analysis.  Anxiety levels reduced significantly across both groups as measured by the Spence-Children’s Anxiety Scale (SCAS).  A moderated mediator analysis did not find an interaction between attention training condition and change in attention bias in predicting change in diagnosis, however small sample sizes were cited for limited statistical power.  
Similar to Riemann et al. (2013) and Shechner et al. (2014), Britton et al. (2013) tested the augmenting effects of ABM on CBT.  53 anxious participants received 8 sessions of manualised CBT (Kendall et al., 2006) and were also randomised to receive ABM training toward positive stimuli, ABM with no attention direction or CBT alone.  All groups showed a significant decrease in anxiety symptoms as measured by clinicians. The parent and child SCARED measure showed that the groups receiving ABM (toward positive and no attention direction) reported reduced symptoms from baseline to mid-treatment whereas the CBT only group showed delayed reductions becoming visible from mid to post-treatment.  Although attention bias for all groups was similar at baseline (no attention bias), an attention bias away from positive stimuli was detected post treatment.  A healthy, treatment-free group showed a stable attentional bias for positive stimuli across time, however an unstable attentional bias for threat stimuli.
Four non-randomised studies did not use control groups.  Rozenman et al. (2011) recruited 16 participants with a clinical anxiety diagnosis, assessed using semi-structured interviews to receive 12 sessions of ABM (away from threat).  At post-treatment there were significant reductions across all anxiety self and clinician report measures (see Table 1).  In addition, all but four participants no longer met diagnostic criteria for a clinical anxiety diagnosis.  An overall mean change in attentional bias from pre to post-intervention was found but this change did not reach significance level.
An early study by Eldar et al. (2008) was designed to investigate whether influencing attentional bias can have an effect on stress vulnerability.  26 non-anxious children were randomised to receive two sessions of either ABM training toward threat or away from threat.  There was no change in STAIC captured anxiety post-intervention.  Following the use of a stress induction task, those trained toward threat demonstrated elevated anxiety levels whereas this remained unchanged in those trained away from threat.  Within the group trained toward threat, a vigilance for threat was shown post-intervention, however no change in attentional bias was detected in the group trained away from threat.
Cowart and Ollendick (2011) recruited three participants to a multiple baseline design analysis, however only two completed treatment.  After 10, twice weekly sessions of ABM (away from threat), both participants were reported to have sub-clinical compared to clinical levels of social anxiety pre-treatment using semi-structured interviews.  On the parent version of the SCAS, both participants showed a decrease in anxiety levels following the intervention.  Post-treatment data in relation to attentional bias was not considered by the researchers as neither participant showed an attentional bias toward threat at pre-treatment.  
Pitică et al. (2010) recruited four participants for a multiple baseline single case exploration design with five sessions of ABM designed to train attention toward positive stimuli.  They found an overall reduction in vigilance for threat and an increase attentional bias for positive stimuli, however no effect on anxiety measured by the SCAS at post-intervention.  Statistical analysis was restricted due to the design and limited sample size.

3.6 Methodological Quality
Table 2 outlines the quality assessment ratings of each paper as measured by the adapted Downs and Black criteria (Downs and Black, 1998).  The original quality criteria do not specify a critical point for low to high quality papers, however previous research has set a cut-off point of 14 for this purpose (Livingston et al., 2012).  Based on the quality criteria, the study by Eldar et al. (2012) was of the highest methodological quality within this review, and although all of the papers ranged from low average to high average, only two papers scored below 14 (Pitică et al., 2010; Cowart and Ollendick 2011).
The papers which scored the highest in terms of quality included a control group, and similarly, three of the papers which were deemed the lowest quality did not have a control group (Pitică et al., 2010; Cowart and Ollendick 2011; Riemann et al., 2013). Although these papers used valid and reliable measures, with one using semi-structured interviews to determine levels of anxiety and subsequent change (Cowart and Ollendick 2011), as no control group was utilised, the researchers were unable to control for confounding variables by using randomisation, baseline comparisons or blinding.  The studies by Pitică et al. (2010) and Cowart and Ollendick (2011) both used multiple baseline design analyses.  Although the researchers presented these papers as initial exploratory pieces of research, definitive conclusions cannot be reached due to their methodological weaknesses.  In addition, these papers produced a mixed picture of ABM effectiveness and the researchers were not able to conduct robust statistical analyses due to the limited sample sizes. 
Of the highest rated three papers, only one of these was defined as a randomised control trial (Eldar et al., 2012), however the other two also used a control group, randomisation and blinding of research staff and participants (Riemann et al., 2013; Waters et al., 2013).  The remaining two randomised control trials differed in terms of quality.  Where the study by Shechner et al. (2014) was also considered high in terms of quality, the research carried out by Bar-Haim et al. (2011) scored relatively low comparatively.  Although this study used randomisation, there was a lack of information on baseline similarities or differences and the concealment of randomisation was not evident. 
In terms of quality related trends, a consistent problem was a lack of information regarding the recruitment of the participants, both in terms of the source and the representative nature of the participants.  This is reflected in the fact the highest score on the ‘external validity’ category was one out of three, which was reached by six papers (Eldar et al., 2008; Rozenman et al., 2011; Eldar et al., 2012; Waters et al., 2013; Riemann et al., 2013; Shechner et al., 2014).  These six papers included information about the settings in which the intervention was administered, the validity of which are considered in the discussion section of this review.  No papers provided sufficient information to determine the representative nature of the participants included; specific information on the source population for participants and the proportion of those who were asked to participate and agreed were generally not included.  To enable a judgement of the representative nature of the sample, future research should include these details, where possible.
Generally, the ‘reporting’ nature of the studies was good, however adverse effects were not routinely commented upon.  This may have been due to the non-pharmacological nature of the research and subsequently the less obvious adverse effects, however one paper was able to comment on relevant issues (Eldar et al., 2008).  In addition, presentation of the results was generally good, although there were some inconsistencies of actual probability values being reported.  Three such papers were inconsistent in reporting actual probability values (Eldar et al., 2008; Eldar et al., 2012; Waters et al., 2013), and four papers either did not report actual values or had no probability values to report (Pitică et al., 2010; Bar-Haim et al., 2011; Cowart and Ollendick 2011; Britton et al., 2013).  All of the 10 papers used valid and reliable measures of anxiety, and in addition, all used previously validated ways of measuring attentional bias.

4. Discussion
This systematic review intended to integrate and appraise the evidence for the use of ABM as an intervention for childhood anxiety problems. The research highlights the potential efficacy of this intervention, though it is important to consider that only 10 relevant studies were reviewed, reflecting that this research area is in its primary stages.  Despite differences between individual studies, there are key outcomes and methodological parameters in which the results can be considered and synthesised.

4.1 The effect of ABM on anxiety
Within eight out of 10 studies there were positive changes in anxiety post-intervention.  However, drawing firm conclusions here is difficult as there were inconsistencies between the studies in terms of how anxiety was measured.  Due to methodological differences and the small number of included studies, there was no discernable patterns in anxiety reduction.  Despite this, the proportion of studies which reported positive effects of ABM on anxiety is extremely promising.  Clinician-rated measures are suggested to be less open to expectation bias (Eldar et al., 2012), particularly if the clinicians are blind to treatment condition.  When considering the studies which employed clinican and self-reported anxiety measures, two studies showed that clinican rated anxiety significantly reduced in the active ABM condition over the ABM control condition (Eldar et al., 2012; Waters et al., 2013).  However, when also considering the parent and child self-report data collected within these two studies, anxiety levels reduced significantly across all active ABM and control groups, perhaps highlighting the potential vulnerability to expectancy bias that using self-report data can generate.  In order to confirm this vulnerability to bias, it would be essential for the other studies to show similar findings.  However, none of the other four studies which measured anxiety using a combination of self and clinican-rated anxiety demonstrated the same pattern of results.  In addition, two of these studies did not include control groups and so placebo effects cannot be considered (Cowart and Ollendick, 2011; Rozenman et al., 2011).  
The two studies which did not demonstrate a positive influence of ABM on anxiety levels (Pitică et al., 2010; Eldar et al., 2008) should be considered in the context of their methodologies.  With only four participants within the study by Pitică et al (2010), statistical analyses were not justified and would have been underpowered to detect any change in anxiety.  It is also important to note that the study by Eldar et al. (2008) recruited non-anxious children compared to the other studies who used anxious samples which has direct implications on measuring a change in anxiety levels.  Instead of a direct anxiolytic effect of ABM, Eldar et al. (2008) were interested in the implications of attention direction on stress vulnerability.  Having utlisised two training groups (toward threat, away from threat), they showed that after a stress induction task, those trained to attend toward threat showed elevated self-reported anxiety levels compared to those trained away from threat who showed no change in anxiety levels.  Although utilising a clinical sample, Bar-Haim et al. (2011) also demonstrated that ABM can exert specific effects on stress vulnerability, indicating that this intervention may target cognitive changes not always measurable in the confines of pre and post anxiety change.  

4.2 The effect of ABM on attention bias
In order to attribute a change in anxiety to a change in attentional bias, it is important that researchers measure bias in addition to anxiety pre and post-intervention.  This was measured within eight of the studies and attentional bias was not tested pre and post-intervention in the remaining two studies (Cowart and Ollendick, 2011; Riemann et al., 2013).  If anxiety reduction is due to a shift in attentional bias, it would be expected that both of these factors would occur concurrently and within four out of the 10 studies was there a change in attentional bias in the direction expected (Pitică et al., 2010; Bar-Haim et al., 2011, Eldar et al., 2012; Waters et al., 2013).  However contradictory results can be seen within three of the studies which tested attentional bias post-intervention:  a change in attentional bias was not detected (Rozenman et al., 2011), was modified in the opposite way to what was expected (Britton et al., 2013) or was found across both treatment and control groups (Shechner et al., 2014).  In addition, Eldar et al. (2008) found their training to be effective in inducing a bias toward threat but not away from threat.  These mixed findings further highlight the complex and unclear nature of the mechanism of attentional bias.  Overall, an effect has been indicated, however when looking at individual studies the nature of this effect is unclear.  A potential explanation is that rather than a shift in attention either away from threat or toward positive stimuli, the effect on anxiety can be attributed to any change in attention; that is if someone is able to shift their attention in any direction, the enhanced ability to control this cognitive mechanism may have anxiolytic effects (c.f. Cisler and Koster, 2010).  This attentional control hypothesis may explain the finding from Britton et al. (2013) where the ABM intervention was designed to promote vigilance towards positive stimuli, yet after the intervention, attention was shifted away from positive stimuli and anxiety levels reduced.  Presumably in line with this hypothesis, individuals exhibiting any shift in attention would demonstrate enhanced attentional control and therefore should show a change in anxiety.  This was not the case in the study by Eldar et al. (2008).  They found that there was no change in self-reported anxiety across training towards or away from threat; however after a stress induction task only the ABM toward threat group showed an increase in anxiety, albeit this study was carried out within non-anxious populations.  Conversely, a similar piece of research was carried out in an anxious, adult population which showed the opposite: both groups trained toward and away from threat showed a reduction in anxiety during a stress task compared to those in a placebo ABM training condition (Klumpp and Amir, 2009).  Previous researchers have suggested using non-affective stimuli such as geometric shapes could be useful in testing the attentional control hypothesis and have agreed that research systematically designed to do so needs to be carried out before any conclusions can be drawn (Bar-Haim, 2010; Eldar et al., 2012).  In addition, larger sample sizes in future research would allow for more stringent assessment of the relationship between anxiety and attentional bias change, perhaps by conducting similar mediational analyses to those of Eldar et al. (2012) and Waters et al. (2013).

4.3 ABM with CBT
Three of the included studies tested the supplementary effects of combining both CBT and ABM together (Britton et al., 2013; Riemann et al., 2013; Shechner et al., 2014).  This combination may be of interest to researchers and clinicians due to the fact that both therapies may work on different levels of cognition; it has been proposed that CBT involves ‘top down’ processes which are more concerned with conscious efforts at processing information (Clark and Beck, 2010), whereas using ABM involves unconscious processing of information congruent with a ‘bottom up’ approach.  Although these three studies reported positive results of ABM, they also presented some variations within the results.  Two studies found that by clinician ratings, the placebo groups also responded to ABM treatment (Britton et al., 2013; Shechner et al., 2014), perhaps reflecting a specific computerised placebo effect.  Shechner et al. (2014) showed that combining ABM with CBT produced greater treatment effects than CBT alone, although commented that the CBT effects found in their study were weak relative to other CBT studies and tentatively attributed this to the delivery of the CBT.   When assessing by self-report, two studies demonstrated greater reductions in active ABM over placebo ABM (Riemann et al., 2013; Shechner et al., 2014).  Reasons for the mixed results could be due to differences in the methodology.  Britton et al. (2013) and Shechner et al. (2014) used the same manualised CBT treatment whereas Riemann et al. (2013) relied on the existing CBT treatment for that population which was not manualised.  Similarly, the two studies using manualised CBT also included a CBT alone treatment group, whereas Riemann et al. (2013) did not. This makes it difficult to comment on any placebo effects of completing a computer task, whether attention is directed or not.   Furthermore, in two studies a proportion of the participants were also receiving pharmacological treatment (Riemann et al., 2013; Shechner et al., 2014) whereas the participants were medication free in the research by Britton et al. (2013).  It is therefore thus far unclear as to the augmenting effects of ABM with CBT, partly due to the small number of studies and partly due to the lack of standardisation between the existing studies.

4.4 ABM as a sole intervention
ABM was used as a lone intervention in seven of the included studies.  Five of these studies reported positive effects of ABM (Bar-Haim et al., 2011; Cowart and Ollendick, 2011; Rozenman et al., 2011; Eldar et al., 2012; Waters et al., 2013).  Due to the substantial methodological differences within the remaining two studies (Eldar et al., 2008; Pitică et al., 2010), the lack of positive effects here cannot be attributed to the nature of the ABM intervention delivery.  The impact of ABM on anxiety levels have previously been discussed, however it is important to consider ABM in the context of whether it is more efficacious as an adjunct to CBT or as a sole intervention.  From the available results, the benefits of combining ABM with CBT are still unclear, and although variable, ABM has produced positive results as a lone intervention.  With further robust testing of the intervention, statistical meta-analyses could be carried out to compare outcome effect sizes between delivering ABM alone or as a supplement to CBT.

4.5 Direction of trained attention
The majority of papers trained attention away from threat which has been the typical method since ABM interventions were first established.  However, some evidence suggests that an attentional bias for threat related information only exists in a proportion of anxious individuals, and that furthermore, an avoidance of threat can be related to poor therapy outcomes in anxiety (Eldar et al., 2012).  To compensate for any adverse effects of training attention away from threat, some researchers have investigated the effects of training attention towards positive stimuli, and three papers in this study used this procedure (Pitică et al., 2010; Britton et al., 2013; Waters et al., 2013).  Direction of trained attention did not seem to affect outcome in terms of pre and post measures of attentional bias or anxiety levels, with the studies reporting varied results across both attention direction categories.  To enable synthesis of the results, it is perhaps worthwhile to note when the observed outcomes are in contrast to what was expected.  Within one of the studies, the outcome on attentional bias was that there was a significant bias away from positive stimuli where this had been neutral at baseline (Britton et al., 2013).  The researchers emphasise caution here in relation to the potential for unexpected consequences of ABM training which may have clinical implications, and cite the relatively novel aspect of this area as a reason to remain cautious.  Furthermore, it is suggested that a change in anxiety levels through attending to positive stimuli may be more difficult to achieve than directing attention away from threat.  Other similar research contradicts this (Waters et al., 2013), albeit there are clear methodological differences between the two studies such as the ABM methodology and also whether ABM is a sole intervention or used in conjunction with CBT.  The third study which trained attention toward positive stimuli reported a post-intervention shift in attention toward positive and away from threat (Pitică et al., 2010).  There were no generalisable changes in anxiety levels but as previously mentioned, the small sample size may have contributed to this finding.  As such, the attentional bias outcome should also be interpreted with these limitations in mind.  Further research using an ABM toward positive methodology is necessary to answer questions about the effectiveness of this treatment versus ABM away from threat stimuli.

4.6 Consistency within ABM
Within the included studies, the ABM protocol was not standardised and one clear variation was the location of the ABM intervention, with interventions taking place at the participant’s home, in the laboratory, in an inpatient setting or at school.  As ABM is a novel intervention which is not yet routinely utilised, it was difficult to assess if the studies were executing the intervention in a valid setting, representative of where it would usually take place.  This was further compounded by the fact that one of the proposed benefits of ABM is that it would be able to be accessed at the patient’s convenience, possibly at home, and could increase engagement with hard to reach populations (Bar-Haim, 2010).  Therefore, when reviewing this with the quality criteria it was decided that those researchers who carried out the intervention in settings where it could potentially be used in the future were ecologically valid.  However, this does not control for the fact that the settings varied between papers and on inspection of the included papers there were no clear indications of the most efficacious environment for the intervention. 
A further clear difference between the papers was in relation to the nature of the ABM intervention delivery.  The number of sessions, trials and frequency of ABM sessions ranged between the studies; for example Eldar et al. (2012) delivered four training sessions over four weeks, whereas Rozenman et al. (2011) delivered 12 training sessions over four weeks.  On reviewing the outcomes of each study, there were no clear trends depending on the frequency and the number of ABM sessions, which is also reflected within the adult literature (Bar-Haim, 2010).  In the present review, this may be due to the fact that there were other inconsistencies across the research.  For example, where most studies utilised the dot probe task to modify attention, two studies used different procedures (Bar-Haim et al., 2011; Waters et al., 2013).  Both of these studies also measured attentional bias pre and post-intervention and demonstrated a shift in the direction the researchers were expecting, suggesting that these ABM procedures were valid.  There have been reported concerns around which aspect of attention the dot probe modifies due to the paradigm not distinguishing between a faster engagement with threat or a difficulty in disengaging from threat (Bar-Haim et al., 2007).  Consequently, Bar-Haim et al. (2011) used the emotional spatial cueing task in both the pre and post attentional measure and intervention which is specifically targeted at the disengaging aspect of attention.  Combining the dot probe and another attentional modification paradigm (Waters et al., 2013) could lead to uncertainty regarding which attentional component has been measured and/or modified.  Working towards developing a protocol for maximising the ABM intervention should be a priority, however this would be contingent on further research measuring the varying factors.

4.7 Recommendations
Where all but one (Eldar et al., 2008) pieces of research were with children and adolescents who were either diagnosed with one or more anxiety disorder(s) or scored highly on a measure of anxiety in this review, there was no controlled research which looked at the effects of ABM on specific anxiety diagnoses.  This was justified as the current standard of trials with paediatric anxiety is to include co-morbid disorders, due to the high rate of these in younger populations (Eldar et al., 2012).  However, using a range of anxiety disorders and co-morbidities reduces the ability to measure if ABM is particularly useful in certain populations.  Clearly, research into ABM in child and adolescent populations is still in its early stages but this may be where research can develop.  In doing so, researchers could also measure if disorder specific stimuli create a larger reduction in anxiety than generic threat stimuli.  All of the studies used either angry or disgust facial pictorial over word stimuli, presumably due to the confounding effect of different reading abilities which are more apparent in younger populations.  Previous research within adult populations has shown that word stimuli are more effective than pictorial stimuli (Hakamata et al., 2010).  Furthermore, within adult populations, use of disorder specific stimuli has produced promising results, however this is perhaps more straightforward in this age group where word stimuli which can be adapted for specific worries can be used with greater ease (Amir et al., 2009a).  In addition, one study used a non-anxious population (Eldar et al., 2008) and one study only included participants who demonstrated an attentional bias toward threat (Eldar et al., 2012).  It is important to consider these factors when designing treatment protocols as there are a number of complications when assessing attentional bias; it has been found that differences in attentional bias in anxious and non-anxious populations are only moderate (Bar-Haim et al., 2007), and a significant group of anxious people do not demonstrate an attentional bias.  Again this highlights the unclear nature of the link between attentional bias and anxiety and therefore future researchers should consider individual differences in attentional bias within the research.
Conclusions regarding the long term effects of ABM training are also limited due to the fact that within the studies considered by this review, the longest follow up period was two weeks.  This certainly limits the ability to comment on the lasting effects of ABM within this population; however, within adult populations, Amir et al. (2009b) showed that retention rates are still high after a four month follow up period.  Researchers should design protocols to also specifically measure the long term effects of ABM as an intervention to allow comparison with already evidenced therapy such as CBT.  
It is imperative for research to grow in this area in order to clarify the understanding of this potential intervention.  The current pool of research indicates that ABM is a potentially efficacious treatment for youth anxiety, however there are many variables to be tested to establish the most effective standardisation of the intervention.  Consequently, it would be important for researchers to develop the understanding by creating research hypotheses to test the specific aspects of ABM.  Clarity is required around factors such as the optimal frequency and duration of ABM, the most effective intervention setting, whether having ABM as an adjunct to CBT creates larger treatment gains than CBT or ABM alone, and whether disorder specific stimuli is appropriate and/or more effective for children and adolescents.    It would also be beneficial for meta-analyses to be carried out to consider these factors in detail once the collection of research has grown.  However, researchers have made an important start in this area which represents an exciting field whereby children and adolescents within typically difficult to engage populations may access therapy with greater ease.

4.8 Limitations
One limitation of the current review includes the choice to search only three electronic databases.  This choice was made as these three databases were deemed to be the most relevant, and there was a confidence that appropriate papers were not missed through hand searching reference lists of other, similar papers.  The review itself was written qualitatively and did not allow for quantitative analysis due to the methodological differences between the studies.  To draw more definitive conclusions in the future, it would be necessary to carry out a systematic meta-analysis which would be contingent on further developments in the field with more rigorous testing of the intervention.
Quality ratings were also applied to the included studies in order to evaluate findings in terms of methodological quality.  Issues were highlighted through this process and key themes emerged: studies lacked information on the representativeness of their sample, and the lack of control group in some studies impacted on quality.  However, if the studies with low quality were removed, this would not change the overall outcome from the review.  Although the general outcome suggested that ABM is a potentially effective treatment for anxiety, our results are constrained by the fact that there were only three randomised control trials and that the overall quality of the included papers also ranged within this review.  This was not always directly related to the research design, as some papers not classed as randomised control trials showed sound methodological design.  Most studies included a control group, and therefore allowed for randomisation and blinding, whereas some studies did not.  This again limits the ability to attribute any positive effects to the intervention, though it was decided to include all relevant pieces of research due to the novel and developing nature of this research.  

5. Conclusions
The overall results and implications for using ABM as an intervention for childhood anxiety are positive, however there are perhaps more questions unanswered at present.  It would be helpful to develop the research in this area, and in particular with randomised control trials with larger samples.  This would allow researchers to control for certain variables and create a greater understanding of the mechanism behind the relationship between attentional bias and anxiety.  
Despite raising additional questions, this review adds to the current understanding of ABM as an intervention for childhood and adolescent anxiety in a number of ways.  First, with the majority of the published studies showing the potential efficacy of ABM for a treatment for anxiety in this age range, this highlights this treatment as an exciting and promising research area with important clinical implications.  In addition, although still under-researched, directing attention toward positive stimuli may be effective and have added value over using threat stimuli.  The research is still unclear as to the potential augmenting effects of ABM and CBT, however it is evident that ABM may be an accessible treatment which demands less of children and adolescents compared with talking therapy.
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Figure 1. Search strategy and results




























Table 1. Characteristics of included studies
	Study	Participants			Intervention	Outcomes	
Author	Design; setting; country	Inclusion	Sample Size	Gender; mean age	Intervention type; differences between groups	AnxietyMeasures	Anxiety findings; effect size of main analysis (Cohen’s d)
Bar-Haim et al., 2011	Randomised control trial; NR;Israel	Children with a stable profile of high anxiety	Nintrv 18Ncntrl 17	29% male; 10 years	Emotional-spatial cueing task with face stimuli and stress induction task; ABM condition trained attention away from threat, ABM control is not designed to direct attention	SCARED-CSTAICAnalogue mood scalesCDI	In response to stress, children in ABM group reported less state anxiety relative to controls.  d=0.78
Britton et al., 2013, experiment 1	Controlled before-after; NR; NR	Youths seeking treatment diagnosed with  anxiety disorder​[1]​	Nintrv 18Ncntrl1 18N​cntrl2 17Ncntrl3 16	43% male; 11.8 years	Dot Probe task with face stimuli; Anxious youths experienced CBT plus attention towards positive (ABMT), CBT plus no attention direction and CBT only.  Non-anxious youths experienced no CBT or attention training.	K-SADS-PLCGIPARSSCARED-C/PCDI	No effect of ABM was found, however those who received computer training showed reductions on self-reported measures of anxiety earlier than CBT alone.  d=0.79
Cowart and Ollendick 2011	Multiple baseline study; NR; NR	Children recruited from community and mental health clinic meeting diagnostic criteria for social anxiety disorder	Ntot 3	100% male, 8.5 years​[2]​	Dot Probe task with face stimuli; both participants were trained to attend away from threat	ADIS-PSCAS-P	Both children experienced reductions in clinician and self-reported social anxiety levels.  n/a
Eldar et al., 2008	Controlled before-after; Community; Israel	Children recruited from the community with normal levels of anxiety	N​tot 26	69% male, 9.5 years	Dot probe task with face stimuli and stress induction task; one group was trained to attend towards threat and one group was trained to attend away from threat	STAICAnalogue mood scales	Only children trained to attend towards threat reported elevated anxiety levels following stress induction.  d=0.83
Eldar et al., 2012	Randomised control trial; Child Anxiety Clinic; Israel	Children seeking treatment diagnosed with anxiety disorder(s)​[3]​	Nintrv 15Ncntrl1 15Ncntrl2 10	55% male, 9.8 years	Dot Probe task with face stimuli; ABM condition trained attention away from threat, placebo 1 was same as ABM but probe appeared equally between threat and neutral, placebo 2 comprised all neutral-neutral stimuli	ADIS-C/PSCARED-C/PCDI	Anxiety severity and symptoms reduced in the ABM condition but not the placebo conditions.  d=0.89, d=0.99
Pitică et al., 2010	Multiple baseline study; Community; Romania	Children from a wider research sample, with high anxiety compared to the mean of the original sample	Ntot 4	75% male,11.4 years	Dot probe task with face stimuli; all participants trained to attend to positive stimuli.	SCAS-C	Training reduced vigilance to threatening stimuli but no general changes in anxiety levels were observed.  n/a.
Riemann et al., 2013	Controlled before – after study;  Residential treatment facility; USA	Youths admitted to residential treatment facility diagnosed with anxiety disorder(s)	Nintrv 21Ncntrl 21	48% male; 15.6 years	Dot Probe task with face stimuli; All received CBT, 88% also received medication.  AMP condition trained away from threat, ACC condition attention not directed.	SCARED-CBDI-IICY-BOCS-SR	Youths in the AMP condition had significantly greater reductions in anxiety symptoms from intake to discharge than youths in ACC condition.  d=0.69
Rozenman et al., 2011	Before-after study; Laboratory and community; USA	Youths accessing services at treatment centre, diagnosed with SAD, GAD or SP	Ntot 16	31% male, 14 years	Dot Probe task with face stimuli; All youths were in ABM group and attention was trained away from threat.	K-SADS-PPARSSCARED-C/PCDRS-RMFQ-C/PPAQ	Overall significant decrease in clinical symptoms across all measures. Range d=1.18-2.12
Shechner et al., 2014	Randomised control trial; Anxiety Clinic, Israel	Youths seeking treatment, meeting diagnostic criteria for SAD, SP, SPP or GAD	Nintrv 18Nnctrl1 25Ncntrl2 20	56% male, 11.1 yearsii	Dot Probe task with face stimuli; Those in ABM group received CBT plus training away from threat, those in placebo received CBT plus ABM with no attention direction.  A third group received CBT plus no ABM.	ADIS- C/PSCARED-C/P	Both ABM and placebo attention showed greater reductions in clinician rated anxiety frequency and severity than CBT alone.  Only ABMT showed significant reductions in self-report anxiety.  d=0.87, d=0.86
Waters et al., 2013	Controlled before- after study; Community; Australia	Youths referred to the research, diagnosed with a principal anxiety disorder	Nintrv 18Ncntrl 16	35% male,9.6 years	Visual-search training paradigm with pictorial stimuli; Those in ATP condition were trained to search for positive stimuli, those in the ATC condition were trained to search for neutral stimuli.	ADIS-C/PSCAS-C/PCES-DC	Children in the ATP condition showed greater reductions in clinician rated anxiety severity and no. of diagnoses compared to the ATC condition.  d=0.81
Note: SCARED-C/P, Screen for Child Anxiety Related Emotional Disorders- Child/Parent version; STAI, Spielberg Trait Anxiety Scale for Children; CDI,  Children’s Depression Inventory; K-SADS-PL, The Kiddie Schedule for Affective Disorders and Schizophrenia-Present and Lifetime Version; CGI, Clinician’s Global Impression Scale; PARS, Pediatric Anxiety Rating Scale; ADIS-C/P, Anxiety Disorders Interview Schedule for DSM-IV, Child/Parent version; SCAS-C/P, Spence Children’s Anxiety Scale-Child/Parent version; BDI-II, Beck Depression Inventory-II; CY-BOCS-SR, Children’s Yale-Brown Obsessive Compulsive Scale-Self Report Version Severity Rating Scale; K-SADS-P, The Kiddie Schedule for Affective Disorders and Schizophrenia-Present Version; CDRS-R, Children’s Depression Rating Scale – Revised; MFQ-C/P, Mood and Feelings Questionnaire-Child/Parent version; PAQ, Participant Acceptability Questionnaire; CES-DC, The Centre for Epidemiologic Studies Depression Scale for Children; SAD, Separation Anxiety Disorder; GAD, Generalised Anxiety Disorder; SP, Social Phobia; SPP, Specific Phobia; NR, not reported
 Excluding obsessive compulsive disorder (OCD) and posttraumatic stress disorder (PTSD)
 Based on data of completers
 Excluding PTSD, OCD or major depressive disorder

















Table 2. Methodological quality of the included studies
Author, year	Reporting (0-11)	External Validity (0-3)	Bias (0-7)	Confounding (0-7)	Power (0-1)
Bar-Haim et al. (2011)	7	0	5	3	1
Britton et al. (2013)	6	0	7	6	1
Cowart and Ollendick (2011)	6	0	4	1	0
Eldar et al. (2008)	7	1	6	3	1
Eldar et al. (2012)	10	1	6	6	1
Pitică et al. (2010)	7	0	5	1	0
Riemann et al. (2013)	8	1	6	6	1
Rozenman et al. (2011)	9	1	4	1	1
Shechner et al. (2014)	8	1	5	6	1
Waters et al. (2013)	8	1	7	6	1
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